We redirect our eye approximately three times per second to bring a new part of our environment on to our fovea (Findlay & Gilchrist, 2003) . How a scanning path is planned is still an unsolved matter. Most research to date has focused on the question of target selection: how is the next fixation location, or saccade target, selected. Here we investigated the direction of spontaneous saccades, rather than fixation locations per se. We measured eye movements, while observers were freely viewing noisy textures: oriented gabors embedded in either pink (1/f) noise or pixel noise, of which they later had to report their orientation. Our results show that a significant percentage of the spontaneous saccades were directed along the orientation of the stimulus. These results suggest that observers may have used an underlying eye movement strategy involving the search for contour endings.
Introduction
We redirect our eyes approximately three times per second to bring a new part of our environment on to our fovea (Findlay & Gilchrist, 2003) . How a scanning path is planned, is still an unsolved matter. Most research to date has focused on the question of target selection: how is the next fixation location, or saccade target, selected. Although many computational models mainly rely on bottom-up target selection strategies Itti & Koch, 2000) and fixations are related to more salient image features (Einhäuser et al., 2006; Jansen, Onat, & König, 2009; Parkhurst & Niebur, 2003; Reinagel & Zador, 1999; Tatler, Baddeley, & Gilchrist, 2005) , a pure saliency based strategy has rarely been found in experimental studies. There is extensive evidence that saccade target selection is driven by a combination of bottom-up and top-down processes (Einhauser & Konig, 2003; Kayser, Nielsen, & Logothetis, 2006) , and related to task demands, (Buswell, 1935; Castelhano, Mack, & Henderson, 2009; Einhäuser et al., 2008; Epelboim, 1998; Tatler, Baddeley, & Vincent, 2006; Yarbus, 1967) . The exact underlying mechanism, however, remains yet to be uncovered.
Other studies have tackled the same question by investigating fixation sequences: not just the exact fixation pattern, but a specific sequence of fixations may underly scan-paths during search tasks and free-viewing of natural images. Although some repeatability has been reported, the results are inconclusive as to whether scan-paths are exclusive and specific per image (Foulsham, Kingstone, & Underwood, 2008; Harding & Bloj, 2010; Mannan, Ruddock, & Wooding, 1995) .
Instead of looking at the saliency of the saccade target, Dragoi and Sur (2006) investigated the effect of features, such as orientations, at the center of gaze of consecutive saccades. They found that short saccades were most often made to similarly oriented image patches, whereas more distant saccades were made towards more dissimilar image patches. Dorr, Gegenfurtner, and Barth (2009) failed to replicate these results, and suggested that the effects reported by Dragoi and Sur (2006) might have been due to short range correlations within the images, rather than an effect of image features at fixation locations per se.
Here, we investigated the direction of saccades, rather than fixation locations, or fixation sequences. Only recently, saccade directions have become a topic of interest. Wexler and Ouarti (2008) showed that spontaneous saccades were directed in alignment with the surface depth gradient of tilted surfaces, for a variety of viewing and stimulus conditions. This was shown to hold even for cue conflict stimuli (Wismeijer et al., 2010) . Foulsham and Kingstone (2010) reported that the distribution of the directions of spontaneous saccades is non-uniform when viewing natural images, with a directional preference orthogonal to the horizon.
Here, we questioned whether orientations, ubiquitously present in our environment, can be helpful guides in redirecting our point of fixation.
Experiment 1: orientations embedded in pink noise
2.1. Material and methods
Stimulus
The stimuli consisted of oriented gabor patches that were embedded in circular patches (radius of 8°) of pink (1/f) noise and shown on a light gray background, see Fig. 1 . We varied the saliency of the randomly oriented gabors, that either had a low or a high spatial frequency (2 and 16 cpd), by changing their contrast (0.16, 0.3 and 0.4 and 0.03, 0.1 and 0.15 respectively).
Procedure
Each trial consisted of the presentation of a fixation cross at screen center (subtending 0.8°, with a variable presentation time depending on fixation accuracy of at least 200 ms), followed by the stimulus which was displayed for 2 s without fixation mark. Subjects were instructed to fixate the cross until the stimulus appeared and then were free to make eye movements during the presentation of the stimuli. Afterwards a single (visual) black line (subtending 16°, with random initial orientation) appeared, which subjects could adjust to the perceived orientation of the stimulus using the mouse.
In total, there were 150 trials (25 repetitions of 6 different stimuli).
We checked on-line whether each initial fixation was within a radius of 2°of the cross for at least 200 ms within 1 s from presentation onset. If so, the stimulus would automatically appear afterwards. If not, subjects were again instructed to fixate the cross and the procedure was repeated with a maximum of three repetitions. If, after three repetitions, fixation was not accurate enough, subjects were automatically guided through the standard Eyelink 9-point calibration and validation procedures.
Apparatus
The experiment and the stimuli were generated in Matlab using the Psychophysics (Brainard, 1997) and the Eyelink (Cornelissen, Peters, & Palmer, 2002) toolboxes. The experiment ran on a PC computer (ENERMAL, 64-bit Intel Core i7 CPU 920, 2.67 GHz, 6-GB Ram, Microsoft Windows Vista) with a NVIDIA GEForce GTX 285 graphics card. Stimuli were displayed on a 19-in. Samsung Syncmaster CRT display (at 1280 Â 960 resolution with a 85 Hz refresh rate).
Eye movements were recorded with an infrared video eye tracker (Eyelink II) operating at 250 Hz, or 500 Hz, in pupil-only mode. We always recorded the movements of the dominant eye.
Participants
Six of the eight participants (students) were paid (8 Eur/h) for their participation in the experiment, that lasted approximately 45 min. The other two participants were an author (dw) and a colleague (cw). All, but one (dw), were unexperienced and naive as to the purpose of the study. All participants had normal or correctedto-normal vision.
2.1.5. Analysis 2.1.5.1. Eye movements. We analyzed the saccades that were filtered by the Eyelink off-line. We used the standard (psychophysics) Eyelink saccade detection with an acceleration threshold of 8000 deg/s 2 and a velocity threshold of 30 deg/s. Saccades were offset corrected using the initial fixation data of each trial. We then calculated the direction and amplitude of each saccade. Small saccades (61°) were analyzed separately from larger saccades (1°< A < 10°), and saccades with an amplitude >10°were removed from further analyses.
2.1.5.2. Both response types. Both response types, saccade directions and perceived orientation, are directional in nature. We therefore used circular statistics (angular mean (h), Rayleigh measure of non-uniformity (R) and the Rayleigh test, see e.g. Mardia (1972) ) to describe the data. In order to collapse data across trials, we aligned all stimulus orientations with 0°and rotated all data by the original rotation angle of the stimulus. In addition, we collapsed data that was lying on the same axis (i.e. 180°was combined with 0°).
In contrast, we calculated trial-by-trial circular-circular correlations between perceptual responses, saccade directions and stimulus orientation using the non-corrected, or not backrotated, data. Unless otherwise specified, we used a a < 0.05 significance criterion, without any correction.
Results

Perception
Fig . 2 shows the response distributions of perceived stimulus orientation, per stimulus contrast, for all observers. The perceptual responses have been rotated such that each stimulus orientation is now aligned with 0°and data lying on the same axis was collapsed (i.e. 180°was combined with 0°). For all stimulus conditions, except the high spatial frequency stimulus at its lowest contrast (16 cpd, 0.03), the response distributions were significantly nonuniform (Rayleigh test with Bonferroni correction), with the angular mean of the distribution in alignment with the stimulus orientation. This pattern was also reflected in the single subject data, see Table 1 which shows the fraction of perceived orientations that were within a ±10°window around the actual stimulus orientation, per spatial frequency and per stimulus contrast. However, for three participants (cj, tg and rt), we did not find a significant alignment of perceived orientation with stimulus orientation for the high spatial frequency texture at any contrast level.
Eye movements
The response distributions of saccade directions of a single subject are displayed in Fig. 3 , for saccades with amplitudes between 1°and 10°. The saccade directions have been rotated such that the stimulus orientation is now aligned with 0°, similar to the perceptual data in Fig. 2 . For this subject, only the distribution of saccade directions for the 2 cpd texture with a 0.3 contrast value was significantly non-uniform (Rayleigh test using data collapsed across axes). Fig. 4 shows the distributions of saccade directions of saccades with amplitudes between 1°and 10°collapsed across all observers. All distributions, except the 16 cpd texture with a 0.03 stimulus contrast value, were significantly non-uniform (Rayleigh test with Bonferroni correction using data collapsed across the axes), with the peaks of the distributions aligned with the stimulus orientation.
The relative frequency of saccades directed along the stimulus orientation (within a window of ±10°) ranged from 0.11 to 0.28 between different stimulus contrast levels, with a mean of 0.18. Using a slightly larger window of ±22.5°, as used by Foulsham and Kingstone (2010) , changed this range from 0.25 to 0.51, with a mean of 0.34. On average, 15% of the larger saccades were horizontal, whereas 20% of the small saccades were horizontally aligned.
The relative frequency of saccades that were directed along the stimulus orientation (within a ±10°window) of individual subjects are given in Table 2 . In 32 out of the 48 cases (6 stimuli Â 8 observers), the fraction of saccades that were directed in alignment with the stimulus orientation was higher than chance (0.11). However, in only 13 out of 48 cases, the distributions of saccade directions were significantly non-uniform.
Interestingly, a similar pattern was found for first saccades, which are displayed in Fig. 5 . The distributions of saccade directions of the very first saccades were significantly non-uniform for all the higher stimulus contrast conditions (0.1, 0.15, 0.3 and 0.4), with the peak of the distributions in alignment with the stimulus orientation.
We separately analyzed saccades with small amplitudes (61°) of which the distributions, collapsed across contrast levels and observers, are shown in Fig. 6 . When data was collapsed across contrast levels and observers, the distribution of saccade directions of the low frequency texture became significantly non-uniform, with a mean angular direction of 77°, i.e. almost orthogonal to the orientation of the stimulus. As can be seen in Fig. 6 , a substantial number of small saccades were not made in alignment with the stimulus orientation (at 0°).
Correlations
In Fig. 7 , we plotted the fraction of saccades directed in alignment with stimulus orientation relative to the fraction of perceptual responses that was within a window of ±10°of the stimulus orientation. Although the fraction of saccadic responses was Fig. 2 . Distributions of perceived stimulus orientation relative to stimulus orientation (0°), for each stimulus contrast, for all subjects. Data was rotated such that all stimulus orientations were aligned with 0°. In addition, data was collapsed across the axes (i.e. 180°is collapsed with 0°). We used a binsize of 5°. All distributions, except that of the 16 cpd stimulus with a contrast value of 0.03, were significantly non-uniform (Rayleigh test with Bonferroni correction). Fig. 3 . Distribution of saccade directions, of saccades with an amplitude between 1°and 10°, for subject rt. Data was rotated such that all stimulus orientations were aligned with 0°. In addition, data was collapsed across the axes (i.e. 180°is collapsed with 0°). We used a binsize of 5°. The distribution of the 2 cpd stimulus with a contrast value of 0.3 was significantly non-uniform.
always lower than the fraction of perceptual responses that were aligned with the stimulus orientation, the two measures were correlated (r = 0.62, p < 10 À5 ). To get a more detailed insight on a possible trial-by-trial correlation of saccade direction and perceived orientation, we ran an analysis similar to the % SAME analysis reported by Stone and Krauzlis (2003) and Gegenfurtner and Franz (2007) . We changed their analysis such that it could be used on our non-binary data set.
1 We divided the axial-collapsed and re-oriented directional data in 10°-sized bins (with the center bin centered at stimulus orientation (now all at 0°)). We then calculated the percentage of saccades for which both perceived direction and saccade direction fell into the same bin. Conditions with a total saccade count of less than 13 were left out of the analysis. We calculated the % SAME chance level by permuting the data (average of a 1000 random permutations).
In Fig. 8 , we plotted the % SAME observed vs. the % SAME chance, for individual subjects and all gabor contrasts. For 33 out of the 45 conditions (8 observers Â 6 gabor contrasts, minus 3 conditions that did not full-fill our saccade count criterion) the observer % SAME was above chance. A t-test over all subjects and conditions showed that the % SAME observed was different from the calculated chance level (p < 10
À3
). To find out whether the correlation between perceived orientation and saccade directions was not due, or partly due, to the underlying stimulus orientation, we calculated the partial circular-circular correlation.
2 Using the same data subsets, this statistical measure did not reflect the trialby-trial agreement as seen in the % SAME analysis and we therefore decided to collapse data across gabor contrasts as to increase statistical power. This data is given is in Table 3 . For 3 out of our 8 subjects, both perceived and stimulus orientation were correlated with saccade direction, whereas for 2 others, there was a significant correlation between perceived orientation and saccade direction.
Experiment 2: orientations embedded in pixel noise
We ran a second experiment using Gaussian based pixel noise, instead of pink (1/f) noise, to mask the oriented gabors.
Material and methods
The experimental procedure, apparatus and data analysis were identical to the first experiment, see Sections 2.1.2, 2.1.3, and 2.1.5 respectively.
In this experiment, the stimuli consisted of oriented gabor patches embedded in circular patches (radius of 8°) of pixel based noise, see Fig. 9 . We used four different spatial frequencies (2, 4, 8 and 16 cpd) and six different rotation angles (0, 30, . . ., 150). The gabor contrast was 25% for all conditions and the saliency of the gabors was manipulated by varying the r of Gaussian based pixel noise (imnoise function from MATLAB with Gaussian distributed pixel noise, l = 0.5 and r (0.01, 0.05, . . ., 0.3)).
There were 432 trials in total (4 spatial frequencies Â 6 Gaussian distribution widths Â 6 rotations Â 3 repetitions), that is 18 repetitions per condition.
Six students were paid (8 Eur/h) for their participation in the experiment, that lasted approximately 50-60 min. All, but one, were unexperienced and all were naive as to the purpose of the study.
We only report on the data concerning the 2 and 16 cpd spatial frequencies, which can be compared to the stimuli in the first experiment. Fig. 10 (left panels) shows the response distributions of the perceived orientations, collapsed across all different noise levels and all subjects. Similar to the data in Fig. 2 , the directional data was rotated such that the stimulus orientation is now aligned with 0°a nd data lying on the same axis was collapsed (i.e. 180°was collapsed with 0°). In addition, we collapsed across the different noise levels, because the data did not vary significantly between those conditions. For both spatial frequencies, the perceptual responses were highly aligned with the stimulus orientation. This result also held for individual observers of which the data can be found in Table 4 . For both spatial frequencies, the majority of the perceptual responses fell within a window of ±10°of the stimulus orientation, Fig. 4 . Distribution of saccade directions, of saccades with an amplitude between 1°and 10°, for all observers. Data was rotated such that all stimulus orientations were aligned with 0°. In addition, data was collapsed across the axes (i.e. 180°is collapsed with 0°). We used a binsize of 5°. All distributions, except that of the 16 cpd stimulus with a contrast value of 0.03, were significantly non-uniform (Rayleigh test with Bonferroni correction). and all response distributions were significantly non-uniform (marked by Ã in Table 4 ). Overall, perceptual performance in all conditions was better than perceptual performance in the first experiment. Fig. 10 shows the response distributions of saccade directions, for all saccades we analyzed, collapsed across all noise levels and subjects: saccades with an amplitude between 1°and 10°F ig. 5. Distributions of directions of first saccades with amplitudes between 1°and 10°, for all observers. See Fig. 4 for plot details. The distributions with the higher stimulus contrast levels (0.3, 0.4, 0.1 and 0.15) were significantly non-uniform. Each dot represents the observed % SAME relative to its calculated % SAME chance level, per subject and per gabor contrast. Data points above the unity line represent a higher than chance level trial-by-trial alignment of perceived orientation and saccade directions. For details on how the % SAME was calculated see main text. (center-left panels), first saccades (center-right panels) and small amplitude saccades (61°, right panels). Similar to the perceptual data, data was rotated and collapsed across axes. All distributions were significantly non-uniform (Rayleigh test with Bonferroni correction), with the (axial) angular mean aligned with the stimulus orientation. However, the variance in saccade directions was greater for high spatial frequency textures (the total number of saccades was approximately equal for each saccade type). The fraction of saccades that were directed within a window of ±10°of the stimulus orientation for individual subjects are given in Table 4 . The data was collapsed across the different noise levels, again because the data was very similar across these conditions. For the high spatial frequency texture, there was more inter-subject variability.
Results
Perception
Eye movements
The relative frequency of saccades directed along the stimulus orientation ranged from 0.07 to 0.36 between different noise levels, with a mean of 0.15. Using a slightly larger window of ±22.5°, as used by Foulsham and Kingstone (2010) , changed this range from 0.15 to 0.50, with a mean of 0.27.
On average, 10% of both larger and small saccades were horizontally aligned.
Most results on saccade directions were similar to those from the first experiment, with one notable exception. We did not find a tendency for small saccades to be directed orthogonally to the texture orientation for the low spatial frequency texture as we did in the first experiment.
Correlations
Fig . 11 shows the relationship between the fraction of saccade directions within a ±10°window of the stimulus orientation and the fraction of perceived directions within the same window. Similar to the results of the first experiment, there was a correlation between these two measures (r = 0.66, p = 0.02).
We ran the same % SAME analysis as in the first experiment to find out whether perceived orientation and saccade directions were correlated on a trial-by-trial basis, the result of which is given in Fig. 12 . For 25 our of 36 conditions (6 observers Â 6 noise levels), the % SAME observed was higher than the calculated chance level. A t-test over all subjects and conditions showed that the % SAME observed was indeed different from the calculated chance level Fig. 9 . Stimuli. The oriented textures were embedded in Gaussian based pixel noise. On the left, an example of a texture with a spatial frequency of 2 cpd is shown. An example of a texture with a spatial frequency of 16 cpd is given on the right. In both depicted textures, the width of the Gaussian distribution, which determined the noise level in the images (r), was 0.05 (least amount of noise). For the gabor patches without noise, see Fig. 1 . Fig. 10 . Distributions of perceived stimulus orientation and saccade directions, for each spatial frequency. Data was rotated such that all stimulus orientations were aligned with 0°. In addition, data was collapsed across the axes (i.e. 180°is collapsed with 0°). We used a binsize of 5°. Note that the scales of the figures showing the distributions of perceived orientations and that showing the distribution of saccades with an amplitude between 1°and 10°for the 2 cpd stimuli are different from the others. All distributions were significantly non-uniform (Rayleigh test). (p = 0.013). In addition, we calculated the partial circular-circular correlations, collapsed across noise levels to increase statistical power, which are given in Table 5 . For 3 out of our 6 participants, saccade directions were significantly correlated with perceived orientation, whereas for 2 other observers, saccade directions were significantly correlated with stimulus orientation.
Discussion
Our data showed a clear relationship between saccade directions, perceived orientation and stimulus orientation for oriented gratings embedded in either pink (1/f, low frequency) or pixel (high frequency) noise. This effect depended on the noise level in the image to the extent that saccadic behavior was random, or search-like, for high frequency gratings with a very low contrast embedded in pink noise. Using a % SAME analysis similar to the one described by Stone and Krauzlis (2003) (and Gegenfurtner & Franz, 2007) , we found that saccade directions were significantly correlated to perceived orientation (and stimulus orientation) implying that they share an underlying mechanism and thus have a common source of noise. In addition, two separate noise sources must act on perception and action at a later stage (or later stages) of visual and visuo-motor processing, because there was no perfect agreement between perceived orientation and saccade directions. A similar relation between perception and eye movements has already been suggested by Stone and Krauzlis (2003) for eye movements in response to motion stimuli (see Fig. 3 in Stone & Krauzlis (2003) ).
It is yet unclear why the visual system would initiate saccades directed along the stimulus orientation. One small advantage for any saccade made along a contrast border is that predictions of visual input at saccade endpoints are independent of saccade amplitude, making it comparatively inexpensive computations. Another possible reason why saccades were executed along the stimulus orientation is that it might be an useful strategy for detecting the extent of objects and contours. Such a strategy might be useful for defining objects or the structure of objects in space for e.g. way-finding or guiding grasping movements.
On the other hand, it has been shown that task demands can influence gaze behavior (Einhäuser et al., 2008; Epelboim et al., 1995; Epelboim, 1998; Hayhoe, 2003; Welchman & Harris, 2003) , which could equally well be underlying the effects presented here. One possible mechanism we considered is that the visual system uses the collorary discharge in order to minimize the error of the orientation estimate. A difference between the orientation detected at the saccade endpoint and the prediction signals an error in the original prediction, which can be corrected for the next saccade. This model predicts that for consecutive saccades, the (absolute) difference between saccade direction and stimulus orientation (or perceived orientation) should decrease. 4 We did not find any evidence for such an effect in our data. The change in absolute difference (i.e. slope) between saccade direction and stimulus orientation (as well as between saccade direction and perceived orientation) was normally distributed (l % 0, r % 0.1). Thus, for now, we cannot conclude whether or not task demands influenced gaze behavior in the present study.
Whether saccades are only driven by bottom-up processes, topdown processes or a combination of the two is still an unsolved matter. Even more so, it is still a matter of debate whether during the first few seconds of viewing saccades are driven by bottom-up processes only (Mannan, Ruddock, & Wooding, 1995) or that bottom-up and top-down information are combined without any de- Fig. 11 . Fraction of eye movement alignment vs. fraction of perceptual alignment. Individual subjects are represented by different symbols, whereas each spatial frequency is defined by a specific color. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) Fig. 12 . Trial-by-trial alignment of perceived orientation and saccade directions. Each dot represents the observed % SAME relative to its calculated % SAME chance level, per subject and per noise level. Data points above the unity line represent a higher than chance level trial-by-trial alignment of perceived orientation and saccade directions. For details on how the % SAME was calculated see main text. The % SAME was never higher than 0.4 and the partial trial-by-trial correlations showed that saccade directions were, to variable extents, correlated to perceived orientation, as well as to stimulus orientation.
lay (Kayser, Nielsen, & Logothetis, 2006) . It has been shown that the very first spontaneous saccades are directed in alignment with the surface depth gradient even without an accompanying perceptual task (Wexler & Ouarti, 2008) , or orthogonal to the horizon (Foulsham & Kingstone, 2010) , suggesting that these first saccades might have been guided by stimulus properties rather than task demands. Our results also show that first saccades were, on average, directed in alignment with stimulus orientation.
5
The relationship between stimulus orientation and saccade direction, reported here, is weaker than previously reported associations between depth cues and saccade directions (Wexler & Ouarti, 2008; Wismeijer et al., 2010) . Orientation per se may not be such an effective cue for saccade planning as a depth gradient, similar to the weaker relationship between texture gradients and saccade directions as reported by Wexler and Ouarti (2008) . On the other hand, it could be possible that at least for the stimuli with pink noise, the pink noise per se influenced the programmed scan path, as recently suggested by Rasche and Gegenfurtner (2010) .
Such an effect of natural image statistics, i.e. pink noise, on saccades could also be the cause of the difference we found in the distribution of directions of small (61°) amplitude saccades for the two different noise types. Whereas the distribution of directions of small amplitudes saccades were similar to those of larger saccades when made in response to gratings embedded in pixel noise, for those in response to gratings embedded in pink noise, the peak (and mean angular direction) of the distribution was almost orthogonal to the orientation of the stimulus (77°). A similar finding has previously been reported by Rucci et al. (2007) , who showed that when fixating high spatial frequency (11 cpd) oriented gabors embedded in pink noise, fixational eye movements are mainly orientated orthogonal to the stimulus orientation. However, in our study this effect occurred for the low spatial frequency (2 cpd) stimulus instead of the high spatial frequency (16 cpd) stimulus. So it remains unclear whether the small amplitude eye movements observed in our study could reflect the same 'movement for discrimination' principle as those found by Rucci et al. (2007) .
The effect reported here is as strong as, but in the opposite direction of, the reported asymmetries in saccade directions in response to natural images by Foulsham and Kingstone (2010) . Our data show a tendency for saccades to be directed along the orientation in the image, whereas Foulsham and Kingstone (2010) report asymmetries orthogonal to the main orientation (often a horizon). One way to explain away these discrepancies is that the depth gradient (similar to what has been reported by Wexler & Ouarti (2008) and Wismeijer et al. (2010) ), orthogonal to the horizon, influenced saccade directions in their study, rather than orientation per se. This could account both for the similarity of the effect size with our study with 1/f noise, which is a good approximation of natural image statistics, and the orthogonality of the two effects.
In an attempt to understand human scan paths when looking around the environment or viewing natural scenes on a computer screen, many research has focused on what parameters determine fixation locations and in what sequence these possible fixation locations are visited (Buswell, 1935; Castelhano, Mack, & Henderson, 2009; Einhauser & Konig, 2003; Einhäuser et al., 2006 Einhäuser et al., , 2008 Epelboim, 1998; Jansen, Onat, & König, 2009; Kayser, Nielsen, & Logothetis, 2006; Parkhurst & Niebur, 2003; Reinagel & Zador, 1999; Tatler, Baddeley, & Gilchrist, 2005; Tatler, Baddeley, & Vincent, 2006; Yarbus, 1967) . Here, we studied the directions of saccades instead of actual fixation locations or fixation sequences.
